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This study aimed to investigate the levels and congener distribution of PCBs in rural soils of Beijing. The results 
indicated that the levels of PCBs in Beijing rural soils were relatively high in comparison with their concentrations 
in other rural areas, but lower than those in many urban areas. The congener profiles were predominated by lowly 
chlorinated congeners such as Di-CBs, Tri-CBs and Tetra-CBs, which was similar to those in other areas such as 
Dalian and Hong Kong. The concentrations of PCB congeners weakly correlated with the physicochemical 
properties of the rural soils, suggesting the little effect of soil properties on concentrations of PCBs. 
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1. Introduction 
Polychlorinated biphenyls (PCBs) are extensively employed as components in electrical and hydraulic 
equipment due to their extraordinary chemical stability and heat resistance [1]. These compounds have been found 
widespread in many environmental compartments including soils, sediments and air [2, 3]. PCBs can be 
persistently present in the environment, which increases their possibility of entering the human body. In addition, 
because of their carcinogenicity and neurotoxicity [4], PCBs has been banned in many countries. However, so far, 
existing PCBs were still used in many types of equipment as lubricant, which may be potential sources of PCBs in 
environment. Soils are an important reservoir for many contaminants including both inorganic and organic matters 
[5]. Pollutant levels in soils should be given more attentions due to their potential risks to public health through 
inhalation, diet and skin exposure. The concentration, source, congener pattern of PCBs in soils were studied by 
many scientists all over the world [6-8]. In China, PCBs concentrations of soils in Dalian, Taiyuan, Linfen, Harbin, 
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and Hong Kong and so on were reported in recent years [9-13]. However, most of these studies focused on the 
concentration of PCBs in urban soils, only a few researches reported the PCB levels in rural soils [14]. As well 
known, rural soils can provide abundant food and vegetables for local residents and urban area, and the soil quality 
may associate with food security. Therefore, an investigation of PCBs distribution in rural soils in the vicinity of a 
large city with dense population such as Beijing is very important. 
The purpose of this study was to investigate the levels and congener composition of PCBs in rural soils of 
Beijing. In addition, correlation between PCBs concentrations and physicochemical properties of soils was 
analyzed. 
2. Materials and methods 
2.1 Sample collection and characterization 
The study area, sample collection and pretreatment have been described in previous paper [15]. Then a fraction 
of samples sieved to < 1 mm were ground with agate mortar to pass through a 0.15 mm nylon sieve for 
determination of black carbon (BC) and total organic carbon (TOC). The analysis of pH, electrical conductivity 
(EC), cation exchange capacity (CEC) and clay content was conducted with samples sieved to < 1 mm. 
2.2 PCBs extraction and analysis 
Fourteen grams of each soil sample was spiked with a recovery standard containing PCB 209, and then 
accelerated solvent extracted with 30mL of n-hexane/acetone (1:1, vol/vol) at 100ć and 1500psi. This process 
was repeated three times and the extracts were combined. Extracts were evaporated to 1mL by rotary evaporator 
under a gentle N2 stream, and then cleaned using a chromatography column which consisted of the following: 2 g 
of silver nitrate silica, 1 g of activated silica gel, 3 g of basic silica gel, 1 g of activated silica gel, 4 g of acid silica 
gel, 1 g of activated silica gel and 2 g of anhydrous sodium sulfate. PCBs fraction was eluted with 100 ml of 
hexane. The collected eluant was concentrated and then reduced to 1mL under a gentle N2 stream for analysis. 
PCB congeners were identified and quantified with GC-MS. The mass spectrometer was operated in electron 
impact mode (70eV). Helium gas was used as a carrier. Gas chromatographic separation was performed on a 
DB-5MS capillary column. The column oven temperature was programmed at a rate of 10ć min-1 from an initial 
temperature of 80ć (2-min hold) to 160ć (1-min hold), 1.5ć min-1 to 230ć (15-min hold), 20ć min-1 to 
280ć (15-min hold). Injector, transfer line and ion source temperatures were 250ć, 280ć and 250ć, 
respectively. PCBs were measured in selected ion monitoring (SIM) mode. Duplicates, blank samples and the 
analysis of certified reference material in each extraction batch of ten samples were performed throughout all the 
experiments. The target compounds were not detected when the blank samples were analyzed. The detection limits 
for each PCB congener were within 0.01-0.06 ng g-1 (dry weight). The recovery of CB-209 surrogate in all samples 
was within the range of 80%-105%. 
2.3 Statistical analysis 
Statistical analyses were conducted with Microsoft Excel (Microsoft Inc., USA) and SPSS 16.0 (SPSS Inc., 
USA). The distribution of PCBs concentration was tested to determine if they approximated the normal probability 
function with the Kolmogorov-Smirnov method. Correlation analysis was conducted between the concentrations of 
PCB congeners in rural soils of Beijing and physicochemical properties of soil samples. In all data treatment, PCB 
congener concentration below the detection level was treated as half the detection limits. 
3. Results and discussion 
3.1 PCBs levels in rural soils 
Total concentration of PCBs in the rural soils ranged from 2.60ng g-1 to 19.56ng g-1, with a mean of 11.01ng g-1. 
The level of PCBs was higher than the mean concentration of PCBs in rural soils of China (0.424ng g-1) and their 
background value in the world (5.41ng g-1) [6, 16]. In comparison with other rural areas such as Dalian (1.337ng 
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g-1), Tibet (0.186ng g-1), Hong Kong (0.11ng g-1) and Great Britain (5.03ng g-1) [8, 9, 13, 17], the level of PCBs in 
rural soils of Beijing was also relatively high. However, compared with urban area in Torino (14ng g-1) and Madrid 
(32ng g-1) and urban-rural transect in Moscow (ranging from 3.1 to 42ng g-1) [18-20], the total PCBs concentration 
was lower. In a word, the total concentration of PCBs in rural soils of Beijing was higher than rural soils in other 
areas, but lower than those in urban area. This result may relate to the widespread application of PCBs and the 
long-range transport and atmospheric deposition of volatile PCB congeners [6, 21]. 
3.2 Congener profiles of PCBs 
PCB profiles can reflect the fate of these contaminants; meanwhile it can be used to identify their sources 
combined with other techniques [9]. PCB homologues in rural soils of Beijing were predominated by Di-CBs 
(26.2%), which were followed by Tetra-CBs (20.8%) and Tri-CBs (20.7%) (Table 1). Higher chlorinated 
congeners such as Hexa-CBs (16.5%) and Hepta-CBs (8.8%) were relatively low, and Penta-CBs (7.0%) were the 
least homologues. Overall, lighter chlorinated congeners including Di-CBs, Tri-CBs, and Tetra-CBs were 
dominant compositions of PCBs in Beijing rural soils, accounting for 67.7% of the total PCB concentration. This 
result was similar to the PCB homologues in rural soils of China, which was predominated by Tri-CBs (38%) 
followed by Di-CBs (25%) [16], suggesting that lower chlorinated congeners may be an important source of PCBs 
in rural soils of Beijing. 
Table 1 Congener patterns of PCBs in rural soils of Beijing (ng g-1 dry weight) 
Congener Minimum Maximum Median Mean Std. Deviation 
Di N.D.* 3.14 2.48 2.44 0.599 
Tri N.D. 4.03 2.02 2.23 1.479 
Tetra N.D. 7.78 2.09 2.51 1.996 
Penta N.D. 3.62 0.02 0.82 1.064 
Hexa N.D. 5.93 1.54 1.95 1.648 
Hepta N.D. 3.17 1.47 1.07 1.138 
*. N.D., not detected, was calculated assuming non-detected measurements were equal to a half of detection limits. 
3.3 Correlations between PCBs levels and physicochemical properties of soils 
As described in previous paper, the pH values of Beijing rural soil samples ranged from 5.3 to 9.0, and the 
electrical conductivity ranged from 95.0 to 669.0 μS·cm-1. The CEC ranged from 7.1 cmol kg-1 to 47.9cmol kg-1; 
clay content ranged from 6.9% to 34.5%; BC ranged from 0.04% to 2.19%; TOC ranged from 0.13% to 8.02% 
[15]. The correlation analysis between PCBs concentrations and physicochemical properties of soil samples was 
conducted, and the result indicated that almost no significant correlation was observed between all concentrations 
of PCB congeners and the physicochemical properties of Beijing rural soils (p>0.05) (Table 2). However, a 
significant correlation (p<0.05) was observed between the concentrations of Hepta-CBs and clay contents of these 
soil samples. In general, the physicochemical properties of Beijing rural soils weakly correlated with the 
concentrations of PCBs, suggesting their little effect on the PCB levels in rural soils of Beijing. 
Table 2. Correlation between PCBs levels and physicochemical properties of soils 
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 Di Tri Tetra Penta Hexa Hepta 
pH Pearson Correlation -0.166 -0.139 -0.006 0.154 -0.052 -0.160 
 Significance 0.305 0.393 0.972 0.342 0.749 0.323 
EC Pearson Correlation 0.111 -0.229 0.041 0.018 -0.087 0.069 
 Significance 0.494 0.155 0.803 0.914 0.593 0.672 
CEC Pearson Correlation 0.271 -0.143 -0.128 -0.257 -0.010 0.240 
 Significance 0.090 0.378 0.430 0.110 0.949 0.136 
Clay Pearson Correlation -0.061 -0.034 -0.245 -0.002 -0.073 -0.324* 
 Significance 0.710 0.836 0.128 0.989 0.654 0.042 
BC Pearson Correlation 0.229 -0.153 -0.108 -0.204 0.131 0.061 
 Significance 0.156 0.345 0.508 0.207 0.420 0.710 
TOC Pearson Correlation 0.306 -0.176 -0.007 -0.173 0.103 0.299 
 Significance 0.058 0.283 0.967 0.291 0.533 0.064 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
4. Conclusions 
The levels of PCBs in Beijing rural soils were significantly higher than those in other rural areas, but lower than 
urban areas. As to congener profiles, lowly chlorinated congeners such as Di-CBs, Tri-CBs, and Tetra-CBs were 
the dominant PCB homologues. Physicochemical properties of soils had a weak correlation with PCB 
concentrations in rural soils of Beijing. However, PCBs levels in rural soils of Beijing should be paid more 
attentions due to their potential threat to human health. 
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